Design: Systematic review and meta-analysis. Data sources: Searches of PubMed and EMBASE and reference lists of the retrieved articles.
Inclusion criteria: Randomised double-blind controlled trials comparing the administration of antibiotics before skin incision with administration after cord clamping.
Data extraction and analysis: Data on maternal total infectious morbidity, endometritis and wound infection, as well as neonatal intensive care unit admission, neonatal infection and neonatal sepsis were extracted and combined using random effects metaanalysis.
Results: Five studies reporting on 1777 parturients were included in our systematic review. The relative risk (RR) for maternal total infectious morbidity for antibiotic administration before incision compared with antibiotic administration after cord clamping was 0.64 (95% CI 0.36 to 1.15). Likewise, there was no difference in the risk of wound infection (RR 0.72, 95% CI 0.41 to 1.27). Parturients receiving the antibiotic preoperatively had a significantly reduced risk of endometritis (RR 0.48, 95% CI 0.27 to 0.87; number needed to treat 41, 95% CI 23 to 165). Analyses of the neonatal outcome parameters revealed no differences between the regimens of antibiotic administration, but were based on few studies.
Conclusions:
In contrast to a recent NICE guideline, we did not find a reduction in total infectious morbidity with antibiotic administration before skin incision; we confirmed a reduction in the risk of endometritis and a lack of effect on the risk for wound infection.
The recent update of the National Institute for Health and Clinical Excellence (NICE) guideline 132 1 for caesarean section recommends that administration of prophylactic antibiotics with the aim of decreasing the risk of overall maternal infection should occur before skin incision instead of after delivery. In view of rising concerns about sepsis, at present the leading cause of direct maternal mortality, 2 this recommendation may appear timely.
However, there is an argument to delay antibiotics until after cord clamping because relevant antibiotic plasma levels are seen in the neonate; 3 this could potentially affect blood culture results and thereby mask neonatal sepsis.
The NICE guideline states that preincisional antibiotics are more effective in reducing the risk of overall maternal infection than administration after the clamping of the umbilical cord. This recommendation was based on a meta-analysis 1 -however, one
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including trials that were not double blind 4 5 and not including a trial published recently. 6 The present systematic review aims to identify all relevant randomised controlled double-blind trials comparing antibiotic administration before skin incision with administration after cord clamping in parturients undergoing caesarean section and to perform a meta-analysis of these trials.
METHODS
A systematic literature search was performed in PubMed and EMBASE with the following search terms: cesarean section or c section or operative delivery or surgical delivery and wound infection or surgical wound infection or postoperative wound infection or abscess or endometritis or urinary infection or urinary tract infection or antibiotic or antibacterial agent. Where possible, the above were used as medical subject headings (MeSH terms). We considered randomised controlled trials (RCTs) published in English, French or German. The date of the last search was 14 June 2012.
We also looked through the bibliographies of the retrieved articles in order to identify further relevant papers.
Two authors (MH and SK) independently reviewed the articles for eligibility. We used the Oxford Quality Scale (OQS) 7 to assess study quality; quality scoring was performed independently by two authors (MH and SS). A study had to be described as randomised and double blind in order to be eligible for inclusion in our systematic review. Our primary outcome parameter was total infectious morbidity of the mother; secondary outcome parameters were maternal endometritis and maternal wound infection as well as the neonatal outcome parameter's neonatal intensive care unit (NICU) admission, infections, sepsis and suspected sepsis.
A standardised form was used for data extraction, which was performed independently by two authors (MH and SK).
We used the computer programme Review Manager (RevMan, V. 5.1) Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008. The random effects model was used for meta-analyses (to guard against the effects of between-study heterogeneity), pooled relative risks (RR) and 95% CI were calculated. Numbers needed to treat (NNT) were calculated if the RR was significant.
RESULTS
Our literature search retrieved 369 hits (figure 1) of which five articles could be included in our systematic review. Details of the included studies, that is, study inclusion and exclusion criteria, name and dose of the applied antibiotics and OQS scores, are presented in table 1. The five studies 6 8-11 reported on 1777 parturients in total. All five trials used cefazolin as the antibiotic but there was clinical heterogeneity between the studies, with regard to the dose of the antibiotic and with regard to the inclusion and exclusion criteria used in the studies.
Maternal outcome
Of the five double-blind RCTs, four studies 6 8 9 11 did not find a significant difference in total infectious morbidity, one trial 10 found a significantly lower incidence when the antibiotic was administered before incision. Nokiani et al 11 did not clearly state that maternal fever as assessed in their study was due to infection. The meta-analysis of the RCTs without the study by Nokiani et al 11 found an RR of 0.64, 95% CI 0.36 to 1.15 ( figure 2A) , indicating no significant difference between preoperative antibiotic administration and administration after cord clamping. For endometritis, a significantly lower risk was found in the parturients receiving the antibiotic before skin incision, RR 0.48, 95% CI 0.27 to 0.87 ( figure 2B) ; the corresponding NNT was 41 (95% CI 23 to 165). The risk ratio for wound infection was 0.72, 95% CI 0.41 to 1.27 (figure 2C). Witt et al 6 also reported on urinary tract infections and found 8/370 cases in the group receiving the antibiotic before incision versus 4/371 in the parturients receiving the antibiotic after cord clamping.
Neonatal outcome
Our analysis of the neonatal outcome parameters is presented in figure 3 . Admission to NICU was reported in three trials. [9] [10] [11] We found no significant differences for NICU admission (RR 1.12; 95% CI 0.60 to 2.07, figure 3A ). There were two trials investigating neonatal infection. 8 9 Wax et al 8 stated that two neonates were treated for pneumonia and two others for febrile illness; all were neonates born to mothers receiving the antibiotic preoperatively. We conducted a meta-analysis of these two trials, assuming that there were four cases with infection in the preoperative group in the study by Wax et al 8 ; no detail was reported for the group receiving the antibiotic after cord clamping in the study by Wax et al 8 and we assumed that there were no infections in that group. The result of the meta-analysis showed no significant difference (RR 1.65, 95% CI 0.25 to 10.78, figure 3B) .
Cases of neonatal sepsis were reported in three trials [9] [10] [11] ; our meta-analysis showed no significant difference between the antibiotic administration regimens (RR 1.01; 95% CI 0.50 to 2.03, figure 3C) .
Suspected sepsis was investigated by Wax et al 8 and Thigpen et al 9 There was no significant difference between giving the antibiotic before skin incision and after cord clamping (RR 1.14; 95% CI 0.38 to 3.42, figure 3D ).
DISCUSSION
We did not find a difference in total infectious morbidity between antibiotic administration before skin incision compared with after cord clamping.
The 2011 NICE guideline on caesarean section recommends to 'offer women prophylactic antibiotics at CS before skin incision. Inform them that this reduces the risk of maternal infection more than prophylactic antibiotics given after skin incision, and that no effect on the baby has been demonstrated.' This recommendation was based on a meta-analysis that included two studies 4 5 that were not double blind and that we therefore considered as being of insufficient methodological quality to be included in our systematic review. Furthermore, one trial 6 was published in 2011 and was not included in the meta-analysis reported by NICE.
Some limitations of our analysis need to be taken into account. First, we based our conclusion on a few trials with a comparatively small number of participants in them. Second, there is clinical heterogeneity between the studies, for example, because of the different doses of cefazolin used.
Our analyses for endometritis and wound infection are in line with the results of the NICE meta-analysis; there was a significant difference in the risk for endometritis and no difference regarding wound infection.
After maternal cefazolin administration for caesarean section, clinically relevant plasma levels have been measured in the infants. 3 This has prompted concerns for delayed diagnosis of neonatal infection. The NICE guideline concludes that 'no effect on the baby has been demonstrated'. Based on our analysis, we find no convincing evidence favouring either regimen of antibiotic administration in this regard, but again there was a relative paucity of data.
There are several studies with a large number of patients comparing preincisional antibiotic administration with administration after delivery. These studies found significant reductions in endometritis 12 13 and wound infection.
12 -14 However, these studies were retrospective and not randomised. Thus, they were more susceptible to bias. Furthermore, retrospective chart analyses are often flawed by the incomplete documentation of confounding factors. Timing of antibiotic administration in women undergoing caesarean section In conclusion, evidence provided by double-blind RCTs suggests that only the risk for endometritis is reduced by antibiotic administration before skin incision; the corresponding NNT, that is, 41, is quite high. No differences between the early administration versus the administration after cord clamping were observed for other maternal and neonatal outcome parameters. Nevertheless, it is advisable to administer antibiotics before skin incision.
